Heme oxygenase-1 is a microsomal enzyme that, when induced by stress, protects the cells from oxidative injury. Heme oxygenase-1 participates in the cleavage of the heme ring producing biliverdin, CO and ferrous Fe. The released Fe becomes part of intracellular Fe pool and can be stored in ferritin or released by an iron exporter. The mechanism by which heme enters cells is not completely understood, although it had been suggested that it might be internalized by an endocytosis process. In this study, we expressed a full-length Heme oxygenase-1 cDNA in Caco-2 cells and measured intracellular iron content, heme-iron uptake and transport and immunolocalization of heme oxygenase-1 in these cells. We found that heme oxygenase-1 expressing cells showed increased apical heme iron uptake and transepithelial transport when compared to control cells. These results suggested that heme oxygenase-1 mediates heme iron influx and efflux in intestinal cells.
modulates cellular iron efflux remains unknown. In this study, we cloned a fulllength HO1 cDNA, expressed it in Caco-2 cells, and measured intracellular iron content, iron transport and HO1 immunolocalization in these cells.
RESULTS
HO1 sub-cellular localization changes in cells overexpressing HO1. The internal distribution of HO1 was determined by immunofluorescence in stable clones of Caco-2 cells transfected with the pcDNA3.1 vector (control cells) or with pcDNA3.1-HO1 (HO1 cells). In control cells, the distribution of HO1 is mainly perinuclear (Fig. 1A) . However, in HO1 cells, the expression of HO1 was higher and also detected at a peripheral compartment (Fig. 1B) .
INTRODUCTION
Heme oxygenase-1 (HO1) is a microsomal enzyme that, when induced by stress, protects the cells from oxidative injury (Poss and Tonegawa, 1997a) . HO1 participates in the cleavage of the heme ring producing biliverdin, CO and ferrous Fe. The released Fe becomes part of intracellular Fe pool and can be stored in ferritin or released by an iron exporter. The mechanism by which heme enters cells is not completely understood. It has been suggested that it might be internalized by an endocytosis process (Worthington et al., 2001) . In mice lacking a functional HO1, it was shown that this enzyme is necessary for cellular iron efflux (Poss and Tonegewa, 1997b; Ferris et al., 1999) . Since HO1 is not an iron transport protein, the mechanism by which HO1 activity HO1-transfected cells show increased iron content. Total iron content was determined in control and HO1 cells incubated for 7 days with different heme concentrations (Fig. 2) . Both control and HO1 cells increased their iron content with increased heme in the culture medium, but HO1 cells had higher intracellular iron content compared to control cells for any of the extracellular heme concentrations tested. This result suggests that HO1 increases heme-Fe uptake and that HO1 mediates heme iron influx and efflux in these cells. Since the net increase in heme iron influx was larger that the net increase in heme iron efflux (Fig. 3 , compare values in A and B), the result will be iron accumulation by these cells, as shown in figure 2. 
DISCUSSION
HO1 intracellular localization changed from a perinuclear to a putative plasma membrane topology when cells overexpressed HO1. This change correlated with increased intracellular Fe concentration and increases in apical uptake of heme iron and increased basolateral iron efflux. These results suggest that HO1 may be regulating the heme uptake process by these cells. It also may be possible that the increased heme iron apical uptake observed is a consequence of increased basolateral hemeiron efflux. In this case, Ireg1 could be the main target of increased HO1 expression. Further experiments are necessary to elucidate the possible molecular interactions between HO1 and the apical and basolateral iron transporters. 
